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zero. Both quantities are evaluated in a single opera- 
tion which consists in fitting a straight line to plotted 
pyrheliometric observations of the solar intensity at 
varying air masses, and prolonging it to the zero o€ ab- 
scissas or + mass zero. The data show ronounced 
correlation rn respect to the minor day-to- a ay fluctua- 
tions, as shown by the method of correlation b varia- 

the existence of long-period changes in the transmission 
coefficient without corresponding changes in the solar 
intensity. 

Variati.on in the mean..-The mean may vary either 
a sternatically throu h long- eriod fluctuations or acci- 

exposure of instruments, rendering the data nonhomo- 
qeneous. A gradual or abrupt change in the regimen of 

tions, while b the usual method of correlation g y devi- 
ations from t i! e mean, little correlation results, owing to 

Lntally, as by a c % P  ange o hours of observation, or 

a river or an increase in the number of crop reporting 
points in a State over a term of years or an increase in 
yields due to cultivation are further exam les of uch 

is difficult or impossible to distinguish between an actual 
chan e in the mean and a true secular change, both of 
whic % may cause deviations which are not present in the 
variations of another variable with which a relation is 
sought. The usual method of correlation by deviations 
yields results more or less spurious. In all such cases the 
method of c.orre.lrttion by variations should bo em loyed, 

in the means of the two variables, either accidental or 
systematic. The usual method by deviations is, how- 
ever, appropriate in the case of systematic changes if the 
secular change he first eliminated by taking deviations 
from means varying with the general t.rend. 

actual or accidental changes in the mean. $ 5  requen y it 

since it is quite independent of nonsimultaneous c 7l anges 

THE TEXAS FLOODS OF SEPTEMBER, 1921. 

GENERAL DISCUSSION. 
By B. BUNNEYEYEB, ~feteOrOlOgi&. 

[Westher Burnu, Bourton, Tax., Oct. 10,1921.1 

Torrential rains in southern and central Texas from 
September 8 to 10, inclusive, 1921, resulted in phenom- 
enally ra id floods in streams and lowlands, especially in 
Bexar, !l!avis, Williamson, Bell, and Milam Counties, 
and caused the death, so far as is known, of 215 persons 
and propert loss estimated at over $19,000,000. This 

of December, 1913, when 177 persons lost their lives and 
valued at nearly $9,000,000 was destroyed. 

But in %ecember, 1913, there were practically no crops 
in the fields. 

The heaviest precipitation was reported from Taylor, 
Williamson County, where 23.11 inches occurred in 24 
conwxtive hours, September 9-10, which is the greatest 
24-hour rainfall of record for the State of Texas, the 

revious record being 20.60 inches at Montell, Uvaldc 
gounty, on June 28-29, 1913. 

Throughout the stricken area traffic by railroad, street 
ear, or other conveyances was interrupted by washouts, 
loss of brid es, and accumulation of debris; telegraph, 

crippled, and numerous small houses and other struc- 
tures were carried off by the currents that swept through 
cities and rural districts, resultin in the loss of many 
lives. Much other damage was tone, largely to cro s, 

caused by violent thunderstorms and squalls occurring 
in various localities during the downpour, although i t  
was overshadowed by the havoc due to the flood. 

While creeks and other tributaries rose to appalling 
heights, the trunk streams were much less seriously 
affected than was anticipated from the deluge, the 
redeeming features bein a previously dry soil and low 
streamflow. The run-og was swift and much of the 
back water did not return to the streams, resulting in a 
rapid diminution of the volume of water rushing toward 
the Gulf of Mexico. The subsidence of the flood wave 
on the Brazos River was so ra id that flood stage was 

below Rosenberg, while at Valle Junction, where the 
water poured. in from the Little k v e r ,  the stream was 
14.2 feet above flood sta e and only 0.8 foot below the 

exceeds the g avoc wrought by the record-breaking floods 

ropert 

telephone, e f ectric light, and other public services were 

mostly corn and cotton. Considerable damage was a Y so 

not attained in the lower reac i! es of that stream a t  or 

record high watermark o f: the December, 1913, flood. 

C'uwse of the rrcirLs.--Evidence is strong that the pre- 
cipitation was the result of the breaking-up in Texas of 
the disturbance that moved westward toward the 
Mexican coast south of Tampico on September 7, 1921. 
Although the distribution of the pressure was such 
that the storm could not be charted, the shifting winds, 

extension of the rainfall 
of the atmosphere as 

and thunderstorms over the 
be ascribed to any other 

moved in from Mexico 
in a northeasterly direc- 

tion over Bexar, Comal, s a y s ,  and Travis Counties into 
Williamson, Bell, and Milam Counties where it abru tly 
dissi ated. Milam County borders on the west ban- R of 

along the east bunk of that stream. An area of high 
pressure of apparent1 feeble e n e r y  backing in over 

record breaking rains and their abrupt termination near 
the Brazos River. While the rains were disastroup to 
life and propert over a lar e area, there were many 

by relieving the drought, reviving ranges, and providing 
stock water. 

Warnings.-The flood waters accumulated so rapidly 
in creeks and lowlands that residents were taken corn- 

etel by surprise. Warnings of impending rises were 
tsued: however, immediately upon the receipt of rainfall 
reports to the main streams on which river stations are 
maintained. On the 9, to the 
lower Rio Grande from Rio 
and on September 10 to 
and to the Brazos 

the 8 raeos River, and there was very littsle precipitation 

eastern Texas was pro T I  ably a contri utory cause of the 

localities in sout z ern Texas w f ere they proved beneficial 
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Reports received up to that time from the upper Guada- with river 8.6 feet and rising, and points below were 
lupe drain e basin indicated rainfall too small to affect warned accordingly. The flood wave moved down- 
the strean%ow, considering the August drou ht. Long stream at a ra id rate, Rio Grande .City havin a rise of 

even after it became apparent that there floodstage, by the morning of September 10, which wm 
would e no danger in the coast sections for, as some of the masimum stage reported. On the morning of 

distance calls were numerous and planters E eeded the 17.8 feet in 24 B: ours to a stage of 18 feet, or 3 f eet above 

wh% 
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FIG. 1.-Texasralnhll, Sept. 7-11,1921. 

them stated, " the corn has to be hauled in and we might 
as well do it now as later. " 

River service is not maintained on the Nueces, San 
Antonio, or Little Rivers, but reports of. all heavy rains 
over the Little River drain e were repeated to Cameron 

FZood of tiu RW &ande.--On September 9, Laredo 
reported a rainfall of 6 inches for the preceding 54 hours 

as soon as received at this "fii o ce. 

September 11 the stream was within banks. The crest 
of the rise passed Mission on September 11 with a maxi- 
mum stage of 17.5 feet, which is well below flood stage. 
There was no dama e from the rise. 

the San Marcos and u er Guadalupe drainage basins 
Flood qf the G w  %a Zupe.TUnusually heavy rains ov r 

resulted in a Ia id rise o f& e stream at Gonzales. Blanco 
reported a tot tg precipitation of 7.85 inches, San Marcos 
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of 11.50, and New Braunfels of 9.56 inches, while several 
other stations reported amounta ranging from 2 to 3 
inches. The initial rise at Gonzales amounted to 21.9 
feet from 1.3 feet at 7 a. m. September 10 to 33.2 feet a t  
7 a. m. September 11. The crest 

31.4 feet and stream a proximate1 one-fourth mile wide. 

7 a. m. next morning was down to 7.1 feet. The damage 
from the high water consisted princi ally of the loss of 

authoities estimate the damage for the entire county of 
Gonzales at $3,500. 

The flood wave reached Victoria Se tember 13 with an 

feet. Thereafter the rise ww much slower and con- 
tinued until September 16, when the gage showed 30.5 
feet, or 4.5 feet above flood stage, which was the mmi- 
mum stn e re orted. The subsidence of the high water 
was rapi B \  and y t,he niorniiig oE September 17 the stream 
was down to 8.1 feet. There was only a slight overflow at 
Victoria fromwnter baclring into low laces and no dama e. 

to its mouth was insignificant, considerable damage 
occurred from the iains in Blanco, Hays, Comal, 
and Guadelupe counties, thel(total being estimated at 
$218,500 

Flood of the CoZorado.-Terrific rains 011 September 9 
and 10 in Burnet and Travis counties caused a rapid 
flooding of the Colorado River below Austin. Fairland 
in Burnet County reported S.70 inches for the two days, 
Marble Falls in the sanie county, 16.50 inches, aiid Austin 
in Travis Count , 19.03 inches. D u r i 3  the 34 hours 
ending 7 a. m. dptember 10 the rctinf a t  Austin was 
18.25 inches. Notwithstanding the heavy rains in 
Burnett County, the maximum stage reported from Mar- 
ble Falls was only 3.2: feet. At Austin, however, the 
stream rose rapidly from 0.8 foot a t  7 a. m. September 9 
to 19.0 feet, or 1 foot above flood stage, by midnight of 
September 10, which was the masimum stage attained. 
The overftow of the Colorado caused no dama e a t  Austin, 

lands before &e waters reached the main stream. The 
damage to highways and bridges was $600,000, to crops 
in the fields $225,000, and to live stock $25,000. Violent 
thunderstorms and squalls caused an additiond damage 
of $30,000 at Creedmor and Austin. 
The flood wave moved rapidly downstream, and at 

Smithville, Bastrop County, the stream rose from 1.4 
€eet on the evening of Se tember 9 to 33.1 feet by 7 
p. m. September 10 (floocfstage 24 feet). The west 
of the flood passed a t  noon, September 11, with sta e 25.0 
feet. The subsequent fall was equall ra id, an$ b 9 

hours later down to 13 feet. Smithville is located on a 
bluff forming the right or south bank of the river, but 
the left bank is low and the lowlands on that side were 
submerged for a distance varyin from one-half to two 
miles a t  the peak of the flood. !be damage to crops is 
estimated a t  $6,000, includi loss of farm animals, 
and damage to roads and bnxes at $2,000. That the 
cro loss was not greater is due to the fact that the first 

65 er cent of the corn had been gathered. 
It La &an e, Fayette County, which is traversed by 

to crops is estimated. at $15,000, loss of live stock at 
$1,500, and damage to other property at $750; but 

(Flood sta e, 22 feet.) 
of the flood occurred a t  7 p. m. of t E at date, with a stage of 

The stream fell rapi di y during Jeptember 13, and by 

low valley corn. There was no loss of rl 've stock. County 

initial rise of 13 feet in 24 hours.an a to a stage of 14.7 

While the flood loss on the Gua iY dupe from Gonz bi es 

aJl losses beino caused by the floods of Cree a s and low- 

a. m. September 12 the water was witk { a d s ,  an (9 10 

pic L 'ng of the cotton crop had beep made and that about 

the Colorado 3 ter it leaves Bastrop County, the damage 

reports propert valued at $20,000 saved by w 

fields had not been so wet. As it was it took four horses 
or mules to a wa on to haul in corn. 

the stream rose from 5.4 feet September 10 to 23 feet by 
next morning and continued to rise until about 7 a. m. 
September 13, when the maximum h ht, 33.8 feet, or 
5.8 feet above flood stage, was recor 3 ed. During the 
next 24 hours the stream fell 15.3 feet. The damage to 
cro s and 
no poss of Pive stock, nor was 

tened outra  idl . 
Flood o f t  R B  e razes.-This flood was remarkable from 

the fact that it was caused by tremendous rains over a 
single tributar , the Little River, which em ties into the 
Brazos just a % ove Valley Junction, and t f at the large 
volume of water spread out at an exceedingly rapid rate 
as it rushed downstream. 

The Little River with its tributaries drains an area of 
robably 7,000 square miles, but in this case only the 

Power ortions of this area, comprising Williamson,  ell, 
and a% ilam Counties, were flooded from the terrific down- 
pour. The total rainfall for two days amounted to 23.98 
mches a t  Ta lor and to 14.43 inches at Georgetown, both 
located in killiamson County; while Temple, in Bell 
County, recorded for the same period 11.55 inches, and 
Cameron, in Milam County, 13.30 inches. The Little 
River and tributaries rose to un recedented heights. At 
Georgetown the San Gabriel &ver and Berrys Creek 
were reported over 7 feet higher than ever known before. 
The dema e was great and two deaths occurred. Some 

pas tures were benefited. 
At Taylor at the height of the flood the water ran from 

1 to 3, and in some places 4 feet deep through the streets, 
washing up avements and flooding cellars and base- 

many small houses in the Mexican section south of the 
business district were washed from their foundations. 
The greatest damage and loss of lifeoccurred along the San 
Gabriel River and Brushy Creek, which rose so rapidly 
that the eople were trapped and erished in their own 
homes. $he waters of Brushy and bustang Creeks, both 
passing south of Taylor, met and formed a current 10 
miles wide. Violent thunderstorms with squalls occurred 
during the downpour. The propert loss m the vicinity 
of Taylor amounted to $93,000 an B 87 persons, most1 
Mexicans, perished in the flood. The total loss in Wif 
liamson County is estimated at $2,205,000 with a death 
list of 93, including the losses and deaths at Taylor. 

Bell Count reported a pro erty loss of $3,700,000, 

Milam County, which receives the run-off from Wil- 

sufferer from the deluge. The Little River at rht ameron 
liamson and Bell Counties, waa probably the 

stood 4.5 feet higher on Se tember 10, 1921, than it did 

menta were made by Mr. C. W. Lawrence, su erintendent 
of the water works at Cameron. The totJdamege in 
Milam County is estimated at about $6,000,000, and 66 
deaths were reported, mostly of Mexicans in the vicinity 
of Thorndale. 

Burleson County, which is just south of Milam County, 
suffered damage to the extent of $785 000, but LeeCounty, 
which joins both Williamson and h a m  Counties, re- 
ported practically no loss. 

Much corn rn tz e lowlands could have been savd-; 

At Columbus. gh t e lowest river station on the Colorado, 

roperty was reported 

places below Columbus. 

houses an c f  much corn and cotton were washed away, but 

ments. Bri cp ges and culverts were carried away, and 

principally o 9 crops, roads, an a bridges, and 5 deaths. 

during the record flood o P December, 1913. Measure- 
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The flood waters from the Little River began to pour 
into the Brazos just above Valle Junction on Saturday, 
September 10. The gage at  V&ey Junction Showed a . 
stage of 3.5 feet at  7 a. m. of that date. A t  4.30 p. m. 
the river was up to 25 feet, rising fast, and a t  6.30 p. m. 
bank full. The observer then warned dl residents to 
leave. No gage readings were taken September 11, 12, 
and 13, but measurements made from marks left by the 
flood showed that the maximum height was 58.2 feet, 
only 0.8 foot below the record flood of December, 1913, 
but 4.2 feet higher than flood of the s ring of 1915. 

ton and corn were ruined, and railroad tracks and bridges 
washed out for a distance of 3 miles, sus ending travel 

The flooded area was approximately 4 mi f es wide. Cot- 

for six days. There were no deaths. 3 lood stage at  

damage to cotton and corn, and a saving of 1,500 head 
of cattle, valued a t  $37,500, through the warnings. 

Flood stage was not attained at  Rosenberg, although 
the stream was bank full to overflowing near the coast 
where the land is level and the run-off correspondingly 
slow. No dama e occurred, except that the Freeport 

had to be dredged to release a steamer. 
Aclmowledgment is made of the recei t of reports of 

Blanco, Burleson, dmal, dnzales, Guadalupe, Hays, 
Lee, and Wilson Counties. 
TABLB I.-Deaths und losses froin September, 1921, ~Iooak,  so far as 

repor led. 

harbor entrance E ad shoaled as a result of the flood and 

damage furnlshed b count judges o 4 Bastrop, Bell, 

I 
- 

Valley Junhion is a t  44 feet. 
Navasota, the stream began to Counties. 

' Deaths 

m. September 10. The initial . . . .  - -_ . - 

at 7 a. m. September 11. D u W  the next 24 hours there Bwtrop.... ......... o 

September 14, with gage reudin 50 feet. This was 5 cpma~ .............. o 
8 

d e s  in width. The damage is estimated a t  $150,000. Hays ............... o 

maximum stage reported was 40.2 feet, 0.2 foot above 
flood stage a t  7 a. m. September 16. This is 6.3 feet 

.............. 
Bell 5 
Bexar .............. 51 gs&,-:::::::: 
~ ~ ~ ; ~ ~ ~ - : : : : : : :  

21.8 feet to a stage of 27 feet ,, 
................ was an additional rise of 15.2 feet, and the stream ulti- 

mately reached the peak of the flood on the morning of 

April, 1915. At this time the stream varied from 1 to 3 
feet above flood stage, but 2.9 P eet below the flood of 

on account of the yi 3 ding nature of t Tl e banks. The 

EE24:::::::::::: 

>Illam. ............. 66 There was ho loss of live stock. Travis.. ............ 0 

Total.. 215 

o 
At Hempstead a h h-water gage on1 is maintained ;;;;;E-;1::::-:::: 4 

............. - \\rilson 

....... I 
below the flood of April, 1915. The lowest section of the * Included in total or other items. 

Crops. 
corn and 
cotton. 

so00 
6'oa) 

ZOO0 

15' OOO 
150 OOO 

3,y:OOo 

750'000 
7o'ooo 
2: 500 

d 000 
y,rn 

* 
4,503,OOO _ _  

Live 
stock. 

0 

* * 
* * 

0 

$1,500 
0 

0 

Other Total 
damaga.I Igsses. 

0 

* * 

* 
293,350 lQ,Oao,rn 

river g rise' The TABLE ?.-&?lc?y valut o j p r a p r / y  Xai-ed bli wirnin~p,  .Po far ab reported. 

$1,000 for loss of live stock. The money value of ro'op- AustinCounty Fayette County 87.5w 20.000 
&,y saved by w&gs is estimated st $100,000. ,$allis, \f-allerCaunty ................................................................. loO,o00 

Austin County, located below Hempstead, reports $5,000 157,500 

e was wded -away With the Y ................................................................. ................................................................ 
damage rom the flood is estimated at  $43,500, including 

- 
THE SAN ANTONIO FLOOD OF SEPTEMBER IO, 1921. 

By J. H. JARBOE, Meteorologht. 
[Weather Bureau, San Antonio, Tax., Sept. 23,1921.1 

On the mornin of September 10, 1921, between the 

in the history of this section swept through the city of 
, bridges, and streets ave way Sen Antonio. 

in the ath of the floo and great damage resu ted. An 
area, a out 6 or 7 miles long and from one-half to 2 miles 
wide including the business section, was inundated to the 
depth of from 2 to 12 feet. Three separate floods merged 
into one in the southern part of the city. Fifty-one lives 
are known to have been lost, and pro erty damage was 
estimated a t  between four and five d i o n  dollars. 
Rainfall in San Antonio.-" drought of two months' 

duration was broken when a shower of 0.53 inch fell 
between 6 and 7 a. m., Se tember 8. Seventeen hours 

steady rains began and continued until shortly after 
11:OO p. m.-a eriod of about 23 hours. The crest of 

ci itation ended. 
h e  amounts of precipitation, as measured at  the 

United Sta'tes Weather Bureau, are as follows: 

hours of 12:30 an 3 6:OO a. m. the most destructive flood 

BuadiT f 

later, between 12:OO midnig R t and 1:OO a. m. on the 9th, 

the flood came t %. ough the city two hours after the pre- 

7:M) a. m. 
kpt .  8. -. . -0.53 inches 
Sept. 9. - - - -3.48 inches 
Sept. 10.. . -1.46 inches T. Tow, 7.38 inches. 

7:GU p. m. 
0.01 inch. 
1.90 inches. 

This shows a total amount of 6.84 inches for the 24 
If the hours ending about 11:OO p. m., September 9th. 

showers that occurred on the morning of the 8th are in- 
cluded, the total is 7.38 inches. 

Records of the rainfall at  San Antonio since 1885 show 
that only on one occasion has the 24-hOur amount of 
September 9, 1921, been equaled or exceeded. This 
occurred on October 1-2, 1913, when 7.08 inches in 24 
hours were recorded, and a destructive flood followed. 

At the Weather Bureau station, near the center of the 
city, 1.46 inches of rain fell between 7 :00 p. m. and 11 :00 
p. m., September 9. However, the r d d  increased 
rapidly north and west of this point until amounts of 3,4 ,  
and 5 inches occurred during this same period'of time at  
stations located from 2 to 5 miles distant. 

On a map of the San Antonio River and its tributaries, 
accompanying this report, Fig. 1, are located 12 stations 
a t  whch measured amounts of rain preceding the flood 
are shown. At five of these stations the precipitation 
was measured in regular 8-inch gages. See table 2, p. 526. 
At the remaining stations! including 9 others just outside 
limita of the map, improwed gages such as cans, barrels, 
and in one instance a wooden trough, were used. Allow- 
ance was made for sloping sides and rounded bottoms 
where these occurred. With but one exception each of 
the 21 gages was visited, inspected, and the measuro- 
ments carefully checked. 
In this connection the cooperation of the Engineerin 

Department of the United States Army is kindly acknowf 


